The role of serifs for the comprehension of printed text has been controversial in the literature. The analysis was often confounded by the fact that fonts used for comparison have many differences besides being serif or sans-serif. In this study we use fonts from the same foundry and meta family to assess the differences in reading comprehension for Cyrillic readers (n = 238). The results show no difference in the speed of reading and the comprehension between the serif and sans-serif texts. This conclusion is consistent with the ecological hypothesis recently formulated for font sizes.
Introduction
Several centuries of the Gutenberg era created a certain amount of lore about the role of different typographic devices for reading and comprehension. The rules about font shape, text size, spacing between the lines, paragraph indentations and many other features were carefully studied, transmitted from generation to generation and codified (see, e.g. the classical work by Bringhurst (2004) ). Sometimes these rules were exalted to the status of moral imperatives, as reflected by the titles of books by Tschichold (1991) ( Essays on the Morality of Good Design), and Spiekermann and Ginger (2002) (Stop Stealing Sheep and Find Out How Type Works) . Perhaps one of the most often disputed typographic devices is the serif-a small detail at the end of the strokes forming a letter. Rejected by Bauhaus and Constructivist typographers in the beginning of 20th century (Bartram, 2004) , they returned as an important part of the printing in the later period; it is very interesting to follow the evolution of one of the most influential typographers of the last century from ''The New Typography'' (Tschichold, 1998) to ''The Form of the Book'' (Tschichold, 1998) . It should be said that the early discussions mixed the art (how to make the text aesthetically pleasing?) and the science (how to make the text easy to read and comprehend?) of book making. We cannot comment here on the art part of the equation, and will deal only with the science.
One of the most interesting scientific insights in the old arguments of typographers is the so called ecological hypothesis (Legge & Bigelow, 2011) . Based on the analysis of many studies of the influence of type size on reading, the authors concluded that the print sizes actually used over the centuries in the book making are in the ''comfort zone'' for a normal vision reader, and the variations in the size are of low importance. It is tempting to extend this hypothesis on the other typographic devices, including serifs and assume that the latter really do not matter for reading.
There was a number of publications about the influence of serifs on legibility and readability of printed text (Arditi & Cho, 2000 Bernard et al., 2003) . Interesting enough, the results were not conclusive: the authors found that the differences between serif and sans-serif fonts were rather small. This might be seen as an argument in favor of the generalization of ecological hypothesis. However, one problem with these studies was that the fonts used (the ubiquitous Times New Roman and Arial) have many differences besides one being serif, and another being sans-serif: they were designed with different goals in mind. A comparison of their performance is in fact a comparison of two complex entities with many different features. Is there a reason to think that the presence or absence of serifs is the main driver of difference in performances? It might be much more convincing to compare two fonts belonging to the same group, designed by the same artists with the same goals in mind, where the difference is just the serifs.low sizes, possibly close to the critical print size (Legge & Bigelow, 2011) , but at higher sizes the difference was negligible. The comparison was done using rapid serial visual presentation method. However, the question of the influence of serifs on the reading speed in natural conditions and the text comprehension is still open.
Recently ParaType company released under a free license high quality fonts PT Serif and PT Sans (Farář, 2011) . They have already been used for typesetting such high profile books as FAO Statistical Yearbook (FAO, 2012) . Serif and sans serif fonts from this meta family are designed according to the same ideas. They have many common features (Fig. 1) , and provide a good approximation to a controlled experiment on the importance of serifs. Note, however, that the strokes of the sans serif font have almost constant thickness, while the serif font provides a significant contrast between the thickness of vertical and horizontal strokes. On the other hand, it is customary in font design to have sans serif fonts with lower ''typographic contrast'' (Jaspert, Berry, & Johnson, 2009) .
One of the goals of our work was to use these fonts to compare the performance of serif and sans serif fonts for a Russian Cyrillic reader.
Another goal of the experiment was to inquire whether general laws like the ecological hypothesis, developed on the Latin typography material, are valid for the Cyrillic script. The Cyrillic typography has its own traditions, sometimes close to those of the Western typography, sometimes different. In particular, the use of serif and sans serif fonts in the Russian typography is very similar to the one in the Western tradition (see, for example, the discussion of the parallel processes in Russian and European typography in the first third of 20th century by Bartram (2004) ). There are many books, including textbooks, printed every year in Russian and other Cyrillic languages. Thus an experiment with Russian readers is interesting both as a fundamental question, and as practical matter.
To conclude this section we discuss the rationale for the methods chosen. In many experiments on legibility and readability, a special device is used that demonstrates letters and words to the subjects with a controlled time of exposure (see the discussion of the protocol by and ). These experiments gave a valuable insight into the speed of recognition of letter and word forms, which is useful for many practical applications, for instance traffic signals (see, e.g. Carlson & Holick, 2005; Garvey et al., 2004; Ullman et al., 2005) . However, the reading of long texts by an educated person is a complex process that involves not just letters and words, but rather the comprehension of text as a whole (Legge et al., 2002) . Therefore we chose to ask the subjects to read the texts with their ''normal'' speed and measure the results. A similar approach was used by dos Santos Lonsdale, Dyson, and Reynolds (2006), where the appropriateness of typography devices for quiz and exam texts was measured by simulating the exams.
Materials and methods
Undergraduate students of Bashkir State Medical University (Ufa, Russia, 4th, 5th and 6th year of study, 188 females and 50 males) volunteered to participate in the experiment and gave their informed consent (see the disclosures). All were fluent Russian speakers and had normal or corrected vision. They were randomly separated into two groups and given the same text about the history of neurology in Russia (see Supplementary Materials). The first group (n = 108) got the text in PT Serif with the effective x-size 12 pt (this was a 12 pt font scaled 0.95 as recommended by Farář (2011) , so the actual x-size was 11.4 pt), the second one (n = 130) got the text in PT Sans with the same x-size. The participants were asked to read the text at their most comfortable speed, and mark the point achieved after 1 min (as measured by the experimenter). Then they were given a questionnaire with 10 questions about the text (multiple choice, four options per question, see Supplementary Materials). The questionnaires were typeset with the same font and size as the texts, i.e. either PT Serif or PT Sans.
The number of words read per minute and the number of questions correctly answered were tabulated together with the vital statistics about the students (gender, age, year of study) as well as self-reported high school and university average grades (GPA).
Results and discussion
The average numbers of words read per minute and of correct answers with the standard deviations are shown in Table 1 . As seen from this table, the difference between serif and sans serif variants is small. The results of the standard statistical tests (Venables & Ripley, 2010) are shown in Table 2 . We see that the difference between serif and sans serif fonts is indeed not significant at 95% level. This is also illustrated by Figs. 2 and 3.
As seen from the figures, the variance in the speed of reading and the number of correct answers is large: it seems the reading skills of the students quite differ. This might be partially explained by the diverse social backgrounds of the students. However, the relatively large number of participants in the study allows one to measure small effects even in this diverse population. Indeed, the variation of the mean in the group with n participants scales as 1/n, so with large n we can detect small difference between the mean values. A more refined analysis includes power computations (Cohen, 1988) . They show (see the supplement) that in our tests we can reliably detect the effects larger than 0.366r, where r is the in-group standard deviation.
In our experiment the in-group standard deviation for the speed of reading was 49 words per minute, and the in-group standard deviation for the number of correct answers was 2.2 answers (see the Supplement). Thus we could reliably detect the difference in the speed of reading larger than 18 words per minute and the difference in the number of correct answers larger than 0.81. The measured difference was much smaller: 1.74 words per minute and 0.38 correct answers.
To further test the sensitivity of our methods we calculated the dependence of the results on other parameters: gender, age, GPA in school and university, and others (see Supplementary Materials) . The results significantly depended on the university GPA and the combination of the year of study, specialization and whether the students were enrolled full-time. These correlations are to be expected. This confirms the validity of the measurement and our conclusion that serifs do not affect the speed of reading and text comprehension.
Conclusions
Our experiment shows that the difference between the performance of serif and sans serif fonts for Cyrillic readers is small, which can be seen as a confirmation of the generalized ecological hypothesis.
It should be noted that the number of correct answers in our tests measured short term memory effects: the tests were administered immediately after reading. It might be interesting to study the dependence of long term memory on the font choice. This might be of practical value for the publishers of textbooks, both printed and electronic.
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